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ERRATA

for

Squid Technical Memorandum CAL~27 entitled, "Valveless Pulse
Jet Investigations, Part I, Tests of Small Scale Models" by
Joseph G. Logan, Jr. dated May 1949

- .9 13 and 15 - should read squars inch gage instead of
square in gage

- Reference (2) = should read Project Squid Annual Progren
Report, (Description o1 pressure gage developed by
New York University) p. 17, January 1, 1948

Figure 5,

- should read "Variation of Specific Impulse with Tailpipe
Length for 3.0 inch Diameter Combustion ClLamber™ instead of
Mrarietion of Specific Impulse with Tailpipe Length"

Figure 6,

should read "Variation of Specific Impulse with Tailpipe
Length for 3,50 inch Diameter Combustion Chamber™ instead of
"Variation of Specific Impulse with Tailpipe Length"
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SUMMARY

o 2o b LB b e

The results of «r investigation of small valveless intermittent

TR

engines are described, These experiments wers undertaken to determine if

thrust and specific impulse values were appreciably affected by changes

P

e ac L Selach 2 b it o e L
YRR oA,

in fuel, methods of fuel injection and duct geometry,

The tests appear to coniirm the expectation that high specific

ek s b e
T ey

impulse values are obtalnable with valveiess engines, MWean values of

O ET R AP SR N TSNS

approximately 2200 seconds were obtained in the tests. The experiments

Lend b

indicate, also, that an optimum configuration exists for each particular

fuel and method of fueli injection,
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INTRODUCTION
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: Preliminary experiments conducted with valveless intermittent
engines were reported in Reference 1, Murther analysis, based upon a number
of assumptions whose validity remains to te verified, revealed that the
valvelass pulse jet, even aside from iis obvious advantage of simplicity, is

potentially a more efficient power plant than either the pulse jet or ram jet,

T e Y D 3
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at least for certain specific applicati.ns, One of the mest interesting of the
applications consists of using a valveless pulse jet as a power plant for the

Jet=propelled helicopter, It appears that the valveless pulse jet will in

IR L TRy 1L hS

this connection, have the follewing advantages over a conventional pulse jet

| engine: 3

1, Greater simplicity
2. Longer operating life
3., Greater fiexibility of operation

4, Considerably better fuel economy

avenBiar P -+ MR SIS A Mo SRLS AL

It also appears that the valveless pulse jet will possess one major advantage

PYSTHPT e

over the conventional ram-jet engineg considerably better fuel economy within

jrar-cs

the conventional helicopter rotor top speed range of Y00 to 600 feet per

second,

The mear. pressures obtaired as the result of an intermittent burning

process in a partially opened fube are influenced by fuel characteristics and
methods of fuel injection, 8ince the wave motion in these e¢ngines i3 es~
tablished as a resuit of the intermittent combustion, it is to be expected

that fuel characteristics as w.ll as methods of fuel injection will also

influence the optimum tude design,
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If it is possible to determine a tube design yielding the maximum
effects of these waves, such a tube should yield much higher values of specific
impulse than are obtained at the present time., Engines depending upon such
wave effects should prove to be sensitive to changes in overall configuration.
An optimum tube design should exist for a given set of operating conditions
and a change in any single condition should then require a charge in overall
configuration to obtain optimum thrust and specific impulse values,

At the present time it is not possible to predict by theoretical
methods the influence of the several opersting variables upon overall jet
operation, This memorandum describes the initial serles of experiments con-
ducted with small valveless engines to determine:

1, To what extent thrust and specific impulse values are

appreclably affected by small changes in overall
coenfiguration

2, If an optimum tube configuration exists for a given

get of operating conditions

3, Whether changes in fuel characteristics and methoda

of fuel injection require corresponding changes in
duct configuration for maximum thrust and spscific
impulse values,

Y4, If high specific impulse valuas can be obtained with

engines of thig type as a result of variations in

overall configuration,
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EXPLORATORY EXPERIMENTS

s S iUk

Exploratory experiments were Iirst urndertaker %o determiue if

: changes in fuel, methods of fuel inge:tion and duct sonfiguraticn produced

2 WA, N, 2D 0 3 Pt AL

the expected large variations in thruast and specific impulse,

An experimerntal valveless engine was constructed having a combustion

chamber 3 inches in diameter and a taiipipe 1,5 inches in diameter (Fig. 1),

P Y,

This tailpipe, with a straight exit, was varied in length from 16 vo 22 inches,

In order to determine tvhe effec: of different metvhods of fuel injection, two

P e A

systems were utilized, The air and fuei were premired and injected through

PR

the same inlet, or injected separately, without premixing., Iz the exploratory

St

series, vests were conducted with propare acd gasciine,

The mcdel was mounted cr whée smail thrust stand skewn in Fig, 2

& M dA Al Y X LY

Thrust readings were obtained with a small spring balance, Ir all teats,

corrections were made for ihe whrust contrituted by the continucus alr suppiy.

Y

Provene consumptiocn was determined wiin a standard rotameter, At the time thess

AN 2L

tests were conducied, a smals rotame:er was not availabie for the dstermination

WP

of gasoline consumpticn, Fuel fiow was determined by timing the rate of conw
sumption in a calibrated giass tube, In later tests, in order to observe tne

offects of a Aifferent type of hydrocarbon fuel, methane was used,

e S TN T £ O T S T RO L E Al 24Pkt Do € e Nes T

Table 1, Appendix A, shows the effect of changes in fuel, fuel

injection methods and tailpipe length uptrn thrast and specific Impulse, It

may be observed that marked changes in spscific impuise values occur as a
result of changes in any one of these parameters, JFor these configurations
maximum specific impulse values were ot%ained with separate air and fuel
injection,
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Ve *ous types of exit configurations were testad (Fig., i) to
dete~ !r if simiiar marked changes in specific impulse occurred, In these

tests combustion chamber diameters of 3.0 =»1d 3.5 inches were used, Typical

T B I N O

results of these measurements are shown in Table 2, With one combination,

using a slightly flared exit, a mean specific impulse value of 2150 pounds

tirust per pounds fuel per second wag obtained, This value was obteined

¥ h u combustion chamber diameter of 3,5 inches, The sensitivity of the jet

vy ) wges In ¢rerall configuration is demonstrated by the decrease in specific
ulse values from 2150 to 1300 ssconds when the diameter of the jet com-

bustion chamber was re‘uced to 3,0 inches,

Ir order to compare the results of these tests with the specific

+mpulse velues obtained from a small pulse jet, tests were conducted with the g

dynajet, Table 3, In this jet the fuel, gasoline, was premixed witb the air %

before entering the combustion chamber, Average specific impulse values of %
aé 1200 soconds were obtained, Attempts to operate this jet with propane were §
: E no* successiul, §
;é The flapper valves were removed and rsplaced by a flat plate, [ests g
%i ware conducted with propane and gasoline, Table 4, It may be observed that E
?. maximum specific impulse valu=s were obtained using prepane, with the air and ’f
: fuel premixed, With the experimental model separave air and fuel injsction,

E in all cases, ylelded maximum grecific impulse values,
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INFLUENCE OF TUBE GEOMETRY

The axploretory experiments indicaved that large variations in
specific impulse values could be obtained as a resuls of verying fuel,
methods of fuel injection and tube geomewry, Tests were then conducted to
determine if an optimum configuration existed for a given fuel and method of

fuel injection,

Models were constructed with combusticn-chamber diameters varying

I L N N S W e

from 2,5 to 4,0 inches, Prcpane was used with separate air and fuel injection,

Tailpipe lengths were varied from 13 to 18 inches at intervals of lfh inch,
Fig. 3 shows the variatior of specific impulse with tailpipe length

for various combustion-chamber diameters, For the configurations investigated,

an optimum value appears %o exist with a combustion.chamber diameter of 3,5 §

inches and a 16,0~inch tailpipe, However, it was possible to obtain high

i

specific impulse values with other configurations, ?
Yor example, a specific impulse value of 1900 seconds was obtained ;
with a comdbustion~chamber diameter of 2,5 inches and a relatively short tailpipe .

of 14 inches, It is interesting to note that resonance could not be achieved

with this combustion-chamber diameter for tailpipe lengtha between 14,5 and

15,25 inches,

It xay be observed that for each combustion-chamber diometer a

P78 ey v v TR T

maxi=um value of specific impulse is obtained in the range of tailpipe lengths

o

investigated,
The irregular nature of the specific impulse curves appears te be

typical of this type of device and indicates cxtreme sensitivity to small
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changes in configuration, Chenges in tailpipe length as small as 2 per cent
produced changes in specific impulse values as large as 10 per cent,

To determine if a hydrocarbon fuel with different characteristics
would act in a similar manner in these experimental models, tests were conductead
with methane using combustion chambers 3,0 and 3.5 inches in diameter, Mean
specific impulse values of over 2100 seconds were obtained with both combustion-
chamber diameters (Fig, 4), These peak values did not occur at the same tailpipe
length, At a tailpipe length of 16 inches, which yielded the peak value for the
3.5-inch-diameter combustion chamber, the difference ia specific impulse values
was approximately 18 per cent,

The specific impulse values obtained using provane and methane. with
corbustion~-chamber diameters of 3.0 and 3.5 inches, are compared ia Figs, 5 and
6, respectively, For both of these combustion chambers, methane yielded the
largest mean specific impulse values, Although the results of tests using the
3.Hh~inch~diameter combustion chamber are similar, large differencesin the be-
havior of the two hydrocarbons were observed with the 3,0-inch diameter com=
bustion chamber, When methane was used, the specific impulse values increased
as the tallpive length was increased, With propane, the specific impulse values

decrvased, At a tailpipe length of 17.0 inches, methane yielded twice the

specific impulse value obtained with propane,
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MEASUREMENTS OF MASS FLOW AND INLET AIR PRESSURE

To determine the thrust developed per pound of air per second,
measurements of mass flow were made using a calibratad orifice plate, Measure-
ments of total pressure were made at the combustion~chamber air inlet with a

standard pitot tube,

In these tvests a standard 3/8-inch pipe was used as an air inlet,
Witk the flared 2,0-inch tailpipe, the inlet-exit ratio was 1/18, The variazion
of the air specific impulse {pound thrust per pound air per secord) with air-
fuel ratio is showr in Fig, 7. A8 is indicated, mixtures were much leaner than
stoichiometric, Por both propane and methane the maximum air specific impulse

was obtained with airefuel ratics {bty weigh:} of 32 10 1,

Por the configurations investigated. maximum specific impulse values
were obtained with total inlet air pressur3s of 2,5 pounc per square in gage,

During these tests, total inletv air pressures varied from 1 to 6 pounds per

square in gage,

-
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DETERMINATION OF JET FREQUENCY

In previous experiments’ it was observed that two stable
operating freouencies were obtainzdle for a given configuration as a result

of variation in air-fuel ratio.

In order to determine the freguencies of operation and pressure
variation in the combustior chamber, a combustion chamber 4 inches in diameter
with a 16~-inch tailpipe was modified and a M condenser-type precsure gagee

was mounted as shovn in FPig. 1C,

Measurements of freguency for this configuratior indicated that at
the lean limit the frequency cf c¢peration was 130 cycles per second, At
mixtures near stoichiometric, the frequency >f operatior was 10 cycles, Curves
of pressure veariatior for these frequencies are showmn in Pig, 8., Fig, 8 indi-
cates that the time of rise to peak pressure was approximately the same for

both frequencies,

The difference ir frequency was due o the difference in time required
for %blowdown® from the two pressure levels, Since the peak pressures obtained
were due only to change in fuel-air ratio, there may bde a significant change in

burning properties at the lean fuelwair ratios in this type of jlet,
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SCHLIEREN OBSIRVATION OF A TWO-DIMENSIONAL
MODEL OF THE VALVELESS JET

In order to study the fuel-injection process and the combustion
rhezomena, a two-dimensional rectangular model was constructed as showm in
Fg. 11, The area ratios were based upon the ratios used for the experimental
model with 3,0-inch-diamever combustion chamber (Pig, 9), Vicor glass was used
for the transparent sidewalls,

High-speed motion pictures (4000 frames per second} indicated that an
intermittent fuel-and uir-injection process occurred, This may offer a partial
explanation for the stabiliity of ar intermittent turning prccess., Various

stages are shown in Fig, 12, The fiim speed was not great enough o yield
detalls of the combustior phenomena,

With this rectangular Je:. extreme starting difficulties occurred,
When resonance wae obtained, the resu” vant thrust values were small, The reason
for this effect of the rectangular shape of the combus:i:on chamber on the behavior
of the valveless pulse jet has not yet beer expiz.:ci aithough it has been sug-
gented by Dr., G. Marksteir of this Lebzratory that the pericdic shape distcrtion
resulting {rom the flexibility sf flat welis may affect the wave phrenomena and.

rerhaps, the shape of the flame front,

e ———— e . - m——— e —— =

- - - — -
N T S e Azﬁ-{ﬁ(s o AN . = R WS - er et

L R R R TS VISR AR RTTE CAVE e bR L o e s o et Rt adba Rt e 52 SR ’:3;1:1

-
50 e NI P 1 et i 200N

O
P L N




PRSP R TEI ST A % AT - . & R e e e i icsuniat » —Lad TIFETRITRTIRRT AR R - N ~}
.

CORNZLI, ALRONAUTICAL LABORATORY Z INC. i
Baffalo, New York i

it s, st el

o e e o

P ORI

CONCLUSIONS

B e
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These experiments, aithsugh cf an exploratory nature ozly, tend

to confirm the assumption that relatively high values of specific impulse nay

be obtaired with valveless engines, Although it 1is not believed that an

b e c Jie e
o
L et sored

Y

optimum configuraticn was established in these tests, mean specific immulse

>
s e -

v

iy

values of approximately 2200 were obtained, ¥or applications in which the

 — 0

i

inlet losses of mass and momsrntum may be reduced appreciadbly, the valveless

e

: pulse jet 6 at high sutsonic Mach rnumbde:s. should yield values of specific

P
e ——— o B
woid (hrgia by o

20,

impulse appreciably higher thar tnose ctvained with conveniional pulge-jet

or ram-jet engines at the present time, This engire. therefore. appears to

Aloaiocrl il b b

be a very promising prspulsicn uni<.

PRPRLERCT LA TR R T
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Tests indicate that the valveless intermittent engine is extremely
' sensitive to small changes in overall corfiguration and appsar % confirm the
belief that an optimum configuration exists for a given set of operating

conditions,

P L TR

The results of these tests appear te have a special significance
with regard %o investigations undertalen to determine the influence of any {
single parameter upon the thrust and spscific impulse values, In order to

determine if any significant increnses in ‘¢hrust and specific impulse are

N‘f

T

obtainable as a result of change ir operating conditions, it would be necessary

to conduct tests with numerocus overail configurations,
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PLANS FOR FUTURE WGRK

4

f

i, S:m:ilar experimeals wiii Ye :cnducted with gasoline ;
15

. . K . . 5

to i1nvestigale che sffects of changes in jet con~ 3
figuraticn ard methods of fuiei injectior, :

2. The itwo-dimensional medei wiil be medified to improve i3
tre pulsatirg ccmbustion, acd spark photography wili

bs used 3 study combustion pheromena, ¥
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APPENDIX A

Table 1 *
E Bxperimental lodel'- Combustion Chamber 3,0 Inches in Diameter, Straight Tailpipe
3 3
TAILPIPE THRUST SPICIFIC IMPULSE
E TUEL LENGTE 1IN, LBS. LBS. TKRUST/I.BS TUEL PIR SEC.
(a) air and fuel premixed :

gasoline 8 0.69 550 d

gasoline 16 .81 700 3

gasoline 19 081 3

gasoline 22 .69 550 |

propans 8 1.0 §50 }

() separate air and fuel injection "_

propane 8 1,95 1100

propane 16 2,95 1550

- propane 22 2,0 950 ;

- Tabdlé 2 ;

Experimental Model - Juel, Propane -~ Separate Air and Fuel Injection

THRUST SPECIFIC IMPULSE
TAILPIPE LBS, LBS, THRUST/LB YUEL PER SIC.

(a) 3.5 inch diameter combustion chamber

) 2.5 2150
s 2.76 1600
) 4 3.25 1350
(v) 3.0 inch diameter combustion chamber
D 2.5 1300
Tadble 3
Dynajet with Faoper Valves - Juel, gasoline - Air and Juel Premixed
THRUS? SPECIFIC IMPULSE
158, LBS, THRUST/LBS YUEL PXR SXC.
2,75 1200

*In all tests fuel pressures varied between 4 and 12 1lbds,
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Table 4

Dymeajet ~ Flapper Valves Replaced by a Flat Plate

THRUST SPECIFIC IMPULSE
JUEL LBS, LBS, THRUST/LB FUIL PER SEC.

(a) air and fuel premixed
gasoline 1,05 1100

propane 1.75 1250
(b) separate air and fuel injection

propaas 1.5 950
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